functional outcome (morbidity and recovery of neurological functions) and whether surgical treatment should be performed.
In this study we describe clinical features and cranial nerve functional recovery in 26 patients with traumatic isolated oculomotor nerve palsy more than 1 year after mild head injury. Especially, we discuss the surgical treatment in 6 patients with sphenoid fracture.
Methods

Patient Population
A retrospective study was performed in 26 patients with traumatic isolated oculomotor nerve palsy after mild head injury (GCS Score [13] [14] [15] . These patients were recruited between May 2002 and February 2010 in Changzheng Hospital, Second Military Medical University. All participants underwent a complete examination that included high-resolution CT scanning, eye movement, pupillary light reflex, pupil size, and so on. Diagnosis of isolated oculomotor nerve palsy after mild head injury was made based on clinical presentation, medical history, physical examination, and radiological findings on the head and facial CT scans. Demographic data including age and sex, the mechanism of injury, initial oculomotor nerve status, concomitant injuries, treatments, complications, and recovery were collected.
Treatment Methods
Fifteen patients underwent observation only. Five patients received megadose methylprednisolone (30 mg/kg intravenous loading dose followed by 15 mg/kg every 6 hours for 3 days). The other 6 patients with evidence of compression of the superior orbital fissure by sphenoid fracture fragments underwent surgical decompression of the superior orbital fissure. The time from initial trauma to surgical repair of sphenoid fractures ranged from 7 to 46 days, with an average of 17.8 days. All 26 patients completed an average 14.2-month follow-up duration (range 3 months-2 years), until they attained complete recovery or until at least 2 years after the trauma.
Statistical Analyses
Continuous data are expressed as the mean ± SD, and binary data are given as percentages.
Results
Demographic and Clinical Features of Traumatic Isolated Oculomotor Nerve Palsy
Twenty men (76.9%) and 6 women (23.1%) were included in the study. None of the patients had any other cranial nerve deficit or a history of cranial diseases. The patients studied were all classified as having mild head injury (GCS Score 13-15). The initial CT scans demonstrated no obvious hematoma and contusion of the brain in any of the patients. The causes of injury in these patients included motor vehicle accident, fall, assault, and others. The most common cause of trauma was a motor vehicle accident, accounting for 17 (65.4%) of 26 cases ( Table 1 ).
The initial ophthalmoplegia was recognized immediately on admission ( Table 2 ). All patients had a dilated pupil at the time of neurosurgical consultation. The pupils in 22 patients (84.6%) did not react to light, and in 4 (15.4%) the pupils reacted sluggishly to light. Fourteen patients had complete extraocular palsy and 4 had partial extraocular palsy. Ptosis was found in 20 patients, and 2 patients only had internal ophthalmoplegia.
The proportion of patients experiencing recovery from ptosis was 19 (95%) of 20, and 18 (90%) of the 20 patients recovered within the first 3 months after the trauma. The proportion of external ophthalmoplegia recovery was 83.3% (15 of 18); 50% (9 of 18) of the patients recovered within the first 6 months. The proportion of internal ophthalmoplegia recovery was 13 (50%) of 26 (see Fig. 1 and Table 3 ). In this study, the longest time until ophthalmoplegia recovery was 2 years.
Among the 26 patients, traumatic isolated oculomotor nerve palsy with sphenoid fracture was diagnosed in 6 ( Table 4 ). On admission, 3 patients had a GCS score of 15 and the other half had a score of 14. All patients had a dilated pupil at the time of neurosurgical consultation; 5 patients' pupils did not react to light, and 1 reacted sluggishly to light. On the side of the mydriasis, all patients had ptosis, and 5 had limited eye movement. All 6 patients with blepharoptosis and limited eye movement recovered through surgical treatment. The frontotemporal approach was used to expose the superior orbital fissure and the greater wing of sphenoid bone fully. The edge of the superior orbital fissure was removed with a highspeed bur, and adequate decompression of the superior orbital fissure was achieved. Follow-up examinations revealed complete recovery of anisocoria in 4 patients.
Case Illustration
This 19-year-old man had a head injury secondary to a high-speed motor vehicle accident. Our examination revealed a right dilated pupil in association with absence of light reflex, right eyelid ptosis, and left lateral gaze limitation ( Fig. 2A-D) . A CT scan revealed a significantly inwardly depressed sphenoid fracture over the superior orbital fissure (Fig. 3 left) . The nerve function did not recover through conservative treatment within the 1st week.
The patient underwent surgical decompression of the superior orbital fissure. The postoperative CT scan showed adequate decompression of the superior orbital fissure (Fig. 3 right) . The postoperative course was uneventful, with progressive improvement of ptosis and EOM. Full recovery from ptosis and restoration of EOM was noted at the 3-month follow-up visit ( Fig. 2E and F) .
Discussion
Traumatic isolated oculomotor nerve palsy may occur after any craniofacial injury. 10 It is well known that complete isolated oculomotor nerve palsy induces ptosis with the involved eyeball, which is usually infraducted and abducted. 17, 18 To the best of our knowledge, this is the largest series describing traumatic isolated oculomotor nerve palsy and assessing the functional recovery after treatment.
In our study, internal ophthalmoplegia is the most likely kind of damage, which is consistent with previous studies (Table 5) , and patients with ptosis represented those with the highest level of functional recovery. Patients with ptosis due to traumatic oculomotor palsy will have difficulty in reading, writing, and ambulation, which adversely affects their quality of life. Consistent with the previous reports, 10, 21 we found that the recovery rate from ptosis (95%) was higher and earlier than that from limited eye movement (83.3%) and anisocoria (50%) during follow-up. Delayed or poor recovery of EOM in comparison with the improvement of ptosis may lead to diplopia, which results in functional impairment and a decrease in the patient's quality of daily life. The results also indicated that some patients attained functional recovery at more than 1 year after head trauma.
The diagnosis of traumatic isolated oculomotor palsy from mild head trauma can usually be made based on a history of trauma and physical examinations. Further cranial radiological examination can improve the diagnosis of traumatic isolated oculomotor palsy. Previous studies 3, 15 have demonstrated that minor head trauma usually causes isolated oculomotor nerve palsy in the absence of abnormal findings on brain CT, MRI, and MRA studies. Some studies 5, 8 have shown that high-resolution CT scans can easily detect orbital fracture, especially in patients with related symptoms and eyelid hematoma.
In this study, every patient underwent a thin-section high-resolution CT scan of the skull base. Six patients had sphenoid fractures, which can not only damage nerves directly, but can also lead to superior orbital fissure narrowing causing nerve edema and secondary ischemic injury. It may produce a compartmental syndrome, whereby swelling exacerbates the ischemia. Our experience indicates that a thin-section high-resolution CT scan of the skull base can improve the diagnosis of fracture. As mentioned previously, these patients usually have underlying pathological entities such as cerebral aneurysm or hematoma. Therefore, MRI and MRA studies are valuable in the diagnosis of the underlying pathological entity in indirect oculomotor injuries.
Due to the low prevalence of oculomotor nerve palsy after mild TBI, existing data are mainly obtained from reports of single or few cases. 3, 6, 10, 11, 15, 16 All reported patients underwent conservative treatment, and most could not get satisfactory functional recovery (Table 5) . Currently, there is a lack of established therapeutic protocols and accepted operation specifications for traumatic isolated oculomotor palsy. It has been known that megadose cor- ticosteroid treatment yields good outcomes for superior orbital fissure syndrome or orbital apex syndrome.
1 Furthermore, a conservative approach with steroid therapy alone has been recommended. 19 In our series, the role of steroids is still unclear. Here we show that 2 (66.7%) of 3 patients with steroid treatment completely recovered from ptosis. Three (75%) of 4 with extraocular palsy recovered; one (25%) of 4 with internal ophthalmoplegia recovered. If steroids are not contraindicated in the injured patient, we advise administration of these drugs to help reduce the swelling.
Currently, there is no satisfactory surgical treatment for patients with traumatic isolated oculomotor nerve palsy. 9, 12, 13, 20 Nevertheless, some authors 4 have recommended that surgical decompression be considered for patients with traumatic eye movement nerve palsy when there is evidence of bone compression of the superior orbital fissure. In our study, 6 patients presenting with compression of the superior orbital fissure by sphenoid fracture fragments underwent surgical decompression of the superior orbital fissure. Our data show that all patients with surgical treatment recovered from ptosis and extraocular palsy. Four (66.7%) of 6 recovered from internal ophthalmoplegia.
From our experience, patients with isolated oculomotor palsy and evidence of compression of the superior orbital fissure should be considered for surgical decompression, especially when conservative treatment was ineffective or nerve function became progressively worse. Our findings also suggest that the chance of recovery may be increased in cases in which injuries are amenable to surgical decompression. Decompression of the superior * + = present; − = absent. orbital fissure removes chip fractures, relieves pressure inside the superior orbital fissure, and helps reestablish nerve functions. It also enlarges the interspace, alleviates edema, safeguards microcirculation, and prevents secondary injury. In addition, it is recommended that decompression surgery be performed as early as possible. In this study 1 patient underwent operation 46 days after head trauma and attained partial nerve function recovery. If there is no obvious evidence showing that the oculomotor nerve is completely sectioned, we should not easily give up on surgery. Some authors 2, 10, 14, 15 have also pointed out that botulinum toxin injection has been of benefit in selected patients, and that occluding cosmetic contact lenses are helpful for patients in recovery.
Conclusions
Limited eye movement may be a major factor that negatively affects functional recovery and a patient's quality of life after mild head injury. Surgical decompression should be considered when bone compression of the superior orbital fissure occurs. Early surgical decompression may increase the chance of recovery in these cases. 
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